This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

! 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANKS) 



Afel X 1 i 

Europalsches Patentamt - 

® ' (^M)) EUf0Pean - atent 0ffI ° e ® Publica ' ionn « m t>er; . 0 280 492 

Office europeen des brevets A2 

® EUROPEAN PATENT APPLICATION 



® Application number: 88301486.2. @ Int. CI. 4 : A 61 K 9/56 

@ Date of filing: 22.02.88 



© Priority: 25.02.87 JP 43442/87 

,@ Date of publication of application: 
31.08.88 Bulletin 68/35 

@) Designated Contracting States: 

AT BE CH DE ES FR GB GR IT LI LU NL SE 



© Applicant: Takeda Chemical Industries, Ltd. 
27, Doshomschl 2-chome Hlgashl-ku 
Osaka-shl Osaka, 541 (JP) 

@ Inventor: Hamaguchi, Naoru 
6-704 2 Shlrakawa 3-Chome 
Ibarakl Osaka 567 (JP) 

Iga, Katsuml 

A-808 1 Satsuklgaokankshl 
Suita Osaka 563 (JP) 

Ogawa, YasuaW 

77-42 Koaze-tanlta Aza-bhyamazakl Ohyamazakl-cho . 
Otokuni-gun Kyoto 618 (JP) 

© Representative: Laredo, Jack Joseph etal 

Elklngton and Fife High Holborn House 52/54 High 
Hotborn 

London, WC1V6SH (GB) 



© Liposome composition and Its production. 

(§j) The liposome compositions entrapping a drug are pre- 
pared by constituting the liposomal membrane with saturated 
phospholipids and anionic surfactants of high Krafft point at 
concentrations above their critical micelle concentrations. Thus 
obtained compositions circulate stably In blood for a long time 
after intravenous administration. 
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. Description 

Liposome Composition and Its Production 



This invention, relates to liposome compositions and the method for their production 
The idea of Drug Delivery System (DOS) that a drug is targeted to a specified site by intravenous injection of 
a liposome preparation entrapping the drug has already been generalized [G, Gregoriadis et al 
Receptor-mediated targeting of drugs, Plenum Press, New York, p 243-266(1980)). The characteristic required 
primarily or such a liposome preparation in DDS is that liposome injected intravenously is stable for prolonged 
time in blood However liposome in itself is not very stable in blood because of interaction with the lipid a 
component of the membrane, and the components In blood such as lipoprotein. In addition, liposome injected 
intravenously is recognized as a foreign substance by the reticuloendothelial system (RES) on the basis of its 
physical properties and biochemical characteristics, so that it is apt to be eliminated from blood Thus 
liposome entrapping a drug injected intravenously is eliminated from blood rapidly contrary to expectation' 
Therefore, it has been an .mportant subject how to stabilize liposome in blood and avoid the recognition by 
RES so as to prolong the clearance in blood. For example, there is a report that the stability of liposome in 
blood increases by addition of cholesterol as a componet of the liposomal membrane [C.G. Knight 
Liposomes; from physical stracture to therapeutic applications", Elsevier, North Holland p 310-31 1 (1981 )]' 
However it may be said that the effect of the addition depends greatly on the original composition of the 
hposomal membrane [Biochemical et Biophysica Acta, 839, 1-8(1985)]. There is also another report that 
delivery to RES can be controlled by coating the surface of the liposomal membrane with a glycoprotein 
containing sial groups as a component of the liposomal membrane [Chem, Pharm. Bull 34 2979-2988 (1986)1 
There is a report to the contrary that such a glycoprotein containing sialic acid is de liver eTmuch to the liver an 
organ of RES [Biochemica et Biophysica Acta,, 497, 760-765 (1977)]. ' 

On the other hand, there is few report that a surfactant was used as a component of the liposomal 
membrane. The reason is that surfactants are generally considered to unstabilize the structure of the 
iposomal membrane [Cell Technology (Saibo Kougaku), 2, 1 136 (1983)], and rather frequently used to break 
the membrane [Biochemica et Biophysica Acta, 551 295 (1979)]. Probably the only known method for 
preparation of liposome using a surfactant is that a homogeneous mixture of an ionic surfactant and a lipid is 
. suspended in an aqueous phase at a concentration below the critical micelle concentration of the surfactant in 
_ ^Sl^f 6 ' 10 9 ' Ve 3 mi,amellar liposome [the gazette of Japanese Unexamined Patent Publication 
- NO.B9633/1984J. Liposome preparations obtained according to this metRod are, when given intravenously 
rapidly eliminated from blood, and the purpose of DDS is not always fulfilled satisfactorily 

As described above, although the idea that liposome entrapping a drug is utilized for DDS by intravenous 
injection has been known, the liposome preparations produced by the conventional' methods are rapidly 
eliminated from blood after intravenous injection ; practically effective means to attain the purpose of DDS have 
not been developed yet. 

Under these circumstances, the inventors investigated various methods to circulate liposome compositions 
stably for a prolonged time in blood. As a result the inventors found out that the liposome compositions 
prepared by constituting the liposomal membrane with phospholipids containing saturated acyl groups in the 
presence of certain surfactants, i.e. anionic surfactants of Krafft point of 37° C or more, are stable in blood and 
have completed this invention, after further researches. ' 

Namely this invention relates to (1) liposome compositions produced by entrapping a drug in liposome of 
which membrane is constituted by a phospholipid having saturated acyl groups and an anionic surfactant of 
Krafft point of 37°C or more, and 

(2) the method for production of liposome compositions entrapping a drug characterized in that membrane of 
said liposome is constituted by using an emulsion or a suspension prepared with a phospholipid having 
saturated acyl groups and an aqueous medium of an anionic surfactant of Krafft point of 37° C or more at the 
concentration above the critical micelle concentration. 

The phospholipids of which acyl groups are saturated acyl groups used for production of the liposome 
compositions of this invention (sometimes abbreviated simply as phospholipids hereinafter) include 
gjycerophospholipids and sphingophosphottpids of. which acyl groups are saturated acyl groups Such 
phospholipids include those of which two acyl groups are saturated alkyl groups having 8 or more carbon 
atoms each at least one of which is a saturated alkyl group having 10 or more, preferably 12-18 carbon atoms. 
More desirably are used those of which both saturated acyl groups are saturated alkyl groups having 12-18 
carbon atoms each. Such phospholipids include hydrogenated lecithine obtained by hydrogenation of lecithin 
o animal and plant origin (e.g. egg-yolk lecithin , soybean lecithin ), and semisynthetic phospholipids obtained 
«rfnT«L n H ? J^ U ? y1, myrist °y | « Pantoyl, stearoyl, etc. such as phosphatidyl ethanolamine, phosphatidyl 
; P ? S 9 ? 9 ,vcer,ne . Phosphatidyl inositol, and sphingomyelin. In more detail, those of which phase 
wh?rh lciTH er H 6 J" USUa " y in the range of about 2 °- 80 ° C are used Preferably. For example those of 
^^ a ^h r'° n * em P erature is shown ir > t"e parentheses described below are used, such as 

stearoyfpalmitoy^osp choli ™ W?C, 41.4°C) ( 

dlstearoylphosphatldyl choUn (DSPC J'^ 1- P ^'^^'Phosphatidyl choline (PSPC, 47.4° C), 
.c®^ . :. (USPC, 54.9 C), dimyristoylphosphatidyl ethanolamine (DMPE, 50°C), 



"Q 280 492 



dipalmitoylphosphatidyl ethanolamine (DPPE, 60°C), distearoyl phosphatidyl ethanolamine- (DSPE, above 
60°C). dimyristoylphosphatidyl.. serine (DMPS, 38°C), dipalmitoylptiosphatidyl serine (DPPS, 51°C), 
distearoylphosphatidyl serine - (DSPS, ' 50° C or . more), dimyristoylphosphatidyl glycrine (DMPG 23°C) 
dipalmitoylphosphatidyl glycerine (DPPG, 41°C), distearoyl phosphatidyl glycerine (DSPG, 55°C), dipalmitoyt 
sphingomyelin (DPSM, 41° C), arid distearoyl sphingomyelin (DSSM, 57° C). - 

As- the anionic surfactants of Krafft point of 37° C or more used in this invention (sometimes abbreviated 
simply as anionic surfactants hereinafter) those having sulfate group or sulfonate group are advantageously 
used. The surfactants of Krafft point of 37° C to 90° C are more preferably used in this invention. Such anionic 
surfactants include those represented by the following general formula- ^ 

R-Xm-(Y t or Y 2 ) n -Z 

wherein, R is an alkyl group having 12 or more carbon atoms which may be substituted with a sulfate group; 

X is * -CONH-, -COO- , -CON- or — ; 

CH 3 • • 



Yi is .-CH 2 CH 2 -,. -CHCH2-, -CH 2 GH- or -CH 2 CH 2 CH 2 - ; 
CH 3 CH 3 



Y 2 is -OCH 2 CH 2 -, -OCHCH2-, -OCH2CH- or -OCH 2 CH 2 CH 2 -; 
CH 3 CH 3 

Z is -S03"M + , or -S04~M + , (M is an alkali metal element); m is 0 (direct bond) or 1 ; and n Is an integer from 0 
(direct bond) to 2, provided that when X is -CONH- or 



— <^~^— r n is 0 (direct bond). 

The alkyl group represented by R usually has 12 to 25 carbon atoms, and those substituted with sulfate group 
are preferably those having 16 to 25 carbon atoms each, in which the sulfate group may be paired with an alkali 
metal ion (sodium, potassium, lithium) as the couple ion. 
In the following, examples of the anionic surfactants are shown. 

Anionic surfactants having sulfate group include salts of alkyl sulfate esters such as sodium hexadecyl 
sulfate (Krafft point; 43° C) and sodium octadecyl sulfate (Krafft point; 58°C); salts of alkyl disulfate esters 
such as sodium hexadecyl disulfate. ester (Krafft point; 39°C) and sodium octadecyl disulfate ester (Krafft 
point; 45° C); salts of alkylether sulfate esters such as sodium octadecytether sulfate ester (Krafft point; 46° C) 
and sodium octadecyl diether sulfate ester (Krafft point; 40°C); and salts of fatty acid alkanolamide sulfate 
esters such as sodium palmitoyi ethanotamide sulfate ester (Krafft point; 42° C), sodium stearoyl ethanolamide 
sulfate ester (Krafft point; 53°C), sodium palmitoyi propanolamide sulfate ester. (Krafft point; 47°C), and 
sodium stearoyl propanolamide sulfate ester (Krafft point; 57°C). Anionic surfactants having sulfonate group 
include salts of alkanesulfonic acids such as sodium dodecanesulfonate (Krafft point; 38° C), sodium 
tetradecanesulfonate (Krafft point; 48°C), sodium pentadecanesulfonate (Krafft point; '48" C), sodium 
hexadecanesulfonate (Krafft point; 57° C), sodium heptadecanesulfonate (Krafft point; 62°C), and sodium 
octadecanesutfonate (Krafft point; 70°C); salts of aikylbenzenesulfonates such as sodium dodecylbenzene- 
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sulfonate (Krafft point^40»C), sodium sodium hexadecvlben 

zenesulfonate (Krafft point; 46«C), and sodium octadecylbenzenesuifonate (Kram ^^2?^ S 

myristoyloxyethanesulfonate Kram poinV sodium 
™ ^ ^^^^"^"^^te (Krafft point; 51-.C). and sodium stearoyloxyethanesulfolt^K 

f f a cL°^ aCyl * a t Urines Such as sod,um Palmitoyltaurine. (Kram point; 43°C), •Mim^^^^ 
□o n" Wcl't^J^ (Kram point; 43»C), and sodium stea^^^^^ 

point. 58 C). Among these anionic surfactants, salts of acyltaurines or acylmethyl taurines are particular^ 

KSK? w of their hi9h stabi,ity in b,00d of the '~ 

amount released of the drug entrapped in liposome. To adjust the phase t ansi«on tempeXe o ne 
- Uposomal membrane in the range described above, about 0.5-50 weight parts, prete ab J abou 5-20 weigh" 
parts of an amonk: surfactant is used per 100 weight parts of a phospholipid. By Adjusting the Xse transl ion 
temperature of the liposomal membrane in the range described above, the purpose oMh invention ma he 

^ZS^lfflT"* °° mposltions ob,ained is P«"°"°e d <=an be 

For composition of the liposome preparations of this invention, aqueous mediums containing anionir 
surfactants at the concentrations above their critical micelle concentrations ZTffl micelle 
concen rations can be determined by usual methods, for example by investigating th THu^bS^ 

SST"*, 38 -^ ,enSi ° a ° Sm ° ,iC Pressure coemcien '. and elec"ric conduc ^ anTthe 
concentration 0 the anionic surfactant [Masayuki Nakagaki and Naofumi Koga "Drug Phys icochartstrv 

usng hese measurement as .nd.ces so that the concentration of the anionic surfactant may be above the 

may be in he range descnbed above. These aqueous mediums may be prepared by dissolvino an anionic 
surfactant in an aqueous medium at a temperature higher than the Krafft point or by suTpen^ina at a 
temperature lower than the Krafft point. It is desirable that a water-soluble drug is d Lo ved in mese aqueous 
solutions and. ,f necessary, other additives (e.g. sugars and salts as osmotic pressure modffleTs buffe? ; as 

of t r^ 

conXaihX™ m8d H mS | hu , s ° b,ained and phospholipids, emulsions or suspensions are prepared to' 
constitute liposome according to the per se known methods for preparations of REV MLV SUV and other 

Z?^?T 0n ?- H° r eXampl8 ' " P ° SOme com P°*'«<™ 'romemulsions are prep^a's follows first a 
^ ?n comNnllT r 9 ^ 0 K S t em ^ 'sopropylether. chloroform, which a% used 

ITZT^L I Z^ n , t ° Wh,Ch ,he ac < ueous medium of an anionic surfactant described above is 
added, and a w/o ty^e emulsion is prepared by a conventional method. From this w/o type emulsion a 

K^TEES-* P T^ d a K C ° rdin9 t0 ,he me,h0d d6SCribed in Prac - ■"•«• Acad ScTuSA 75 41'94 
(1978), or the method.described in the gazette of Japanese Unexamined Patent Publication No 1 18415/1980 
The amount of an organic solvent used for preparation of emulsion is generally 2-10 Bma^^KlSw 

ae^d^S °' K h0S £ h ? ,iP i d iS ab ° Ut 1 °- 100 |im ° l per ' ml <* ,ha **** <° be inoZd anoT is 

generally desirable that the phospholipid Is dissolved in the organic solvent beforehand 

For emu sification to obtain a w/o type emulsion, the conventional methods are applicable such as stirrino 

^^SoSS"; HOm09 , en ? US r U K IS '° nS Ca " be ° b,ained b * sonioati ° n 'or abou 

r u "s^lon a s ^asv and ?hST f ,he , m6,h0d ° f ,hiS inV6nti0n Usi "9 an anlonic surfacta "t- 

emuisification is easy and a homogenous fine emulsion can be obtained - 

From these w/o type emulsions thus obtained, the solvent is removed according to the conventional 
methods. For example, the solvent can be evaporated off with a rotary evaporator. Evapora (on ,s 3™ 

Te a REV r^verTeS he t . COnten . , formed a gel. Further evaporation to remove the solvent will 
o laotamena! T.EJ^ESZJW" "T' " P ° SOme P re P aratton ' This liposome constitutes unilamellar or 
on h^H P d ° Uble membrane consisting of about 10 or less layers) entrapping a drug. 

•JSJSZJ^T - P ! >SOme pre P ara,ions of multilamellar vesicles (MLV) type -can be obtained by 
d^SK^T "T S °H em !f° m lhe S °' U,ion 0) a PhMPholWd in an organic solvent prepared s mLy as 
faueoufmpHi? « reduced pressure to form a thin film of the phospholipid, followed by adding an 

Reparation IhuT owZdT l™**™ 9 * ^ a " d a "° Win9 '° ^ erse a « 40 ° C ° r m ° re - MLV 

SnZe^v^*^^" taken 3 Pr ° be ,yPB S ° niCa,0r ,0 *» * ,ipOSOme P re P ara,i °" °* -a„ 

pl U T rnamX^esicle P 7 S PLV) n lliSTh COmposi,ions °' ,his inven,to " * *Pf*™"° also to stable 
NO500952/19841 th! d^Lr? • ■ fl " Z0,,e 6f Ja P anese Unexamined Patent Publication 

fi°3«7«i i„ ,1! ' and < ,he J den y dratlon -rehydration vesicle method (C. Klrby et al., Biotechnoloay Nov 979 
(1984)). in the case of a drug that is fat soluble but slightly soluble in water" a liposome composition can b! 
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obtained by entrapping the drug which has been dissolved in the solution of a lipid in an organic sotventas 
described above. Such a liposome preparation may be. used as it is, or, if necessary, after preparations of 
particles of-desirable size by, for example, nuclepore filter or gel filtration. It is desirable to eliminate the free 
unentrapped drug prior to use by, for example, centrifugation, gel filtration, or dialysis. 

The drugs used in this invention are not particularly defined as far as they are usedfor DDS, including 5 
antitumor agents such as platinum compounds (e.g._cisplatin, carboplatin, spiroplatin), adriamycin, mitomycin 
C, actinomycin, ansamitocin, bleomycin, 5-FU, and methotrexate; lymphokeins such as natural and gene 
recombinant interferons (a, p, y), and natural and gene recombinant interleukins; physiologically active 
peptides such as manganese superoxide desmutase (SOD) and its derivative superoxide desmutase PEG 
(PEG-500) (the gazette of Japanese Unexamined Patent Publication No. 16685/1983 and EPC Patent 10 
Application Laid-Open No.0210761); beta lactam antibiotics such as sulfazecin; amino glycoside antibiotics 
such as gentamycin, streptomycin, and kanamycin; vitamins such as cyanocobalamin and ubiquinone; 
antiprotozoal agents such as meglumine antimonate; enzymes such as alkali phosphatase; anticoagulants 
such as heparin; antiallergic agents such as amlexanox; immunoactivating agents such as muramyl dipeptide 
muramyl tripeptide, andTMD-66 [Cancer (Gann 74 (2), 192-195 (1983)]; agents for circulatory system such as 15 
propranolol; and metabolism activating agents such as glutathione. This invention is preferably applicable 
particularly to the water soluble drugs because of the purpose of the invention. Such drugs include those of 
which logarithm of the partition coefficient between octanol and water is 10 or less. The drug is used in an 
effective amount of objective drugs. 

The liposome compositions of this invention are-used by intravenous administration by injection or by drip 20 
infusion of a suspension of an appropriate amount of a solution or emulsion in for example physiological saline 
according to the purpose of the therapy. 

The liposome compositions of this invention are characterized by the use of saturated phospholipids and 
anionic surfactants of high Krafft point at concentrations above their critical micelle concentrations. 

The liposome compositions of this invention circulate through the body stably in blood for a long time after 25 
intravenous administration, which is useful to reduce the -toxicity of the drug, enhance the targeting effect of 
the drug to a specified tissue, and increase the persisting therapeutical effect of the drug. Particularly the . 
liposome compositions of this invention including antitumor agents are expected to enhance the therapeutical 
effect when administered during hyperthermia; for this purpose, liposome preparations of which phase 
transition temperature of the liposomal membrane is in the range of about 40-55° C are preferably used. 30 

Brief Description of the Drawings: 

Figs. 1, 2 and 3 show the relation between the time after intravenous administration of the liposome 
composition entrapping 6-CF in rat in Experimental Example 1-2 and the 6-CF blood level. Fig.4 shows the 
relation between the time after intravenous administration of the liposome composition entrapping 6-CF or 35 
CDDP in rat in Experimental Example 2-2 and the blood level. The blood level is shown as 0/0 of dose on the 
assumption that blood volume is 10% of body weight. 

Examples . 

In the following this invention is illustrated in the concrete in Examples, Test examples, and Experimental 40 
Eamples. 

Example 1 

270 mg of DPPC and 30 mg of DSPC were dissolved in 70 ml of 1 :1 mixture of chloroform and isopropylether 
in a 1-1 beaker. To 10 ml of an aqueous solution of 6-carboxyfluorescein (6-CF), pH 7, which had been 45 
prepared beforehand so that the osmotic pressure might be the same as that of the physiological saline, 30 mg 
of sodium stearoylmethyltaurine. (SMT) was added at room temperature. SMT remained almost insoluble, but 
was dissolved rapidly by forming micelles at a temperature above the Krafft point. Then this solution was added 
to the solution of the phospholipid in an organic solvent, and emulsified by a prove type sonicator (Ohtake, 
Japan), to five a w/o type emulsion. Sonication at 50 watt for 30 seconds was repeated 10 times. This emulsion 50 
was charged to a rotary evaporator to evaporate off the organic solvent at 60° C under reduced pressure, to 
give REV. The pressure in the evaporator was reduced greatly in the initial stage, but then adjusted in the 
course of evaporation of the organic solvent to prevent bumping. A small amount of the organic solvent 
remained in REV was further evaporated off by blowing nitrogen gas. Then an appropriate amount of 
physiological saline was added to REV to make 10 ml, filtrated through a 1.2 micron filter (Acrodisc, Gelman), 55 
and dialyzed through a dialysis membrane (Spectrapor, Spectrum Medical)- against physiological saline for 24 
hours, to give a liposome compostition entrapping 6-CF. The entrapment ratio of 6-CF in this liposome 
composition was 33.2% as -determined by quantification of 6-CF entrapped in liposome (Note 1). 

(Note 1) Quantification of 6-CF in liposome and calculation of entrapment ratio eo 

0.1 ml of a liposome composition is diluted 100 times with phosphate bufferized physiological saline (PBS, 
pH 7.2), then further diluted 100 times with 0.02 0/0 Triton X-100-containing PBS. heated at 60°C for 30 minutes 
to break liposome; total 6-CF amount in the liposome suspension was determined by measurement of the 
intensity of fluorescence of the solution (Hitachi, F3000 Fluorospectrometer, excitation wave length 494 nm, 
measurement wave length 515 nm). Separately 0.1 ml of the liposome composition is diluted 10000 times with 65 
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fi,,6r (C f r Sart ' SM13249E ' Sartorius,. and the amount 
fluorescence of the filtrate P suspension was determ.ned by measurement of the intensity of 
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sonication at .50.watt for about 10 minutes with the probe type sonicator used in Example 1, to give a SUV. . 
Similarly as in Example 1, the. preparation was further subjected to filtration and dialysis, to give a liposome 
composition of 6-CF ntrapment ratio of 5.7%. 

Exampl 16 ~ • . - .5 

280 mg of DPPC and 120 mg of DSPC were used in place of 360 mg of DPPC and 40 mg of DSPC in Example 
15 and treated similarly as in Example 15, to give a liposome composition of the 6-CF entrapment ratio of 6.3%. 

Example 17 _ ' 

400 mg of DPPC was used in place of 360 mg of DPPC and 40 mg of DSPC in Example 15 and treated w 
similarly as in Example 15, to give a liposome composition of the 6-CF entrapment ratio of 6.0%. 

Example 18 

40 mg of PMT was used in place of 40 mg of SMT in Example 15 and treated similarly as in Example 15, to 
give a liposome composition of the 6-CF entrapment ratio of 6.8%. _ /5 

Example 19 

40 mg of ODS was used in place of 40 mg of SMT in Example .15 and treated similarly as in Example 15, to 
give a liposome composition of. the 6-CF entrapment ratio of 6.5%. 

20 

Example 20 

40 mg of sodium palmitoyltaurine (PT) was used in place of 40 mg of SMT in Example 15 and treated similarly 
as in Example 15, to give a liposome composition of the 6-CF entrapment ratio of 6.0%. 

Experimental Example 1-1 -25 

Control liposome compositions were prepared which did not contain anionic surfactants and corresponded 
respectively to the liposome compositions obtained in Examples 1, 10, 11, 15, 16 and 17 described above.. 
Another, control liposome composition was prepared in a similar manner as in Example 1 by using 200 mg of 
egg-yolk phosphatidyl choline containing unsaturated acyl groups, 100 mg of cholesterol, and 30 mg of SMT in 
place of 270 mg of DPPC, 30 mg of DSPC, and 30 mg of SMT used in Example 1 . A SMT-Free control liposome 30 
composition corresponding to this preparation was prepared. Another control liposome composition was 
prepared by using sodium dodecyl sulfate (SDS, Krafft point; 9°C) in place of SMT used in Example 15. 

Experimental Example 1-2 „ - 

The liposome composition obtained in Example T described above, and the liposome composition prepared 35 
similarly but without the anionic surfactant, 0.1-0.5 ml each, were given intravenously in rat, and elimination 
from blood was investigated (Note 2) ; the results are shown in Fig.1 . As shown in Fig.1 , the blood levels of the 
liposome containing the anionic surfactant (-€>-) were much higher than those of the control liposome 
without the surfactant (....X....). The liposome compositions obtained in Examples 1, 6/10, 15, 18, 19 and 20,. 
0.1-0.5 ml each, were given intravenously in rat, and the amount of liposome remaining in blood one hour after 40 
administration was 9.7, 11 .9, 26.4, 2.7, 2.3, 2.8, and 2.2 times as much as that of the respective control liposome 
prepared similarly but without the anionic surfactant. On the other hand, as shown in Fig.2, the anionic 
surfactant-containing liposome prepared from egg-yolk phosphatidyl choline and cholesterol ( -O- ) was 
eliminated from blood as rapidly as the control liposome (....X....). Fig. 3 shows the elimination from blood after 
intravenous administration in rat of 0.2 ml either of the SDS-containing liposome obtained in Experimental . 45 
Example 1-1 described above (....X....) or of the liposome prepared similarly but without SDS (-©-). The 
results shown in these Figs, clearly indicate that the liposome compositions of this invention prepared by using 
a phospholipid containing saturated acyl groups and an anionic surfactant of Krafft point of 37° C or more as 
the components of the liposomal 1 membrane, are characterized by the much prolonged elimination time from 
blood- after intravenous administration as compared with the control liposome compositions. 50 

Experimental 1-3 

The liposome compositions obtained in Examples 1, 15, 18, and 19, and Experimental Example 1-1 
described above were given intravenously in rat, and the level of 6-CF in liver was determined to know the 
delivery of liposome, to RES (Note 2); the results are shown in Table 1. These results indicate that the 55 
elimination time of liposome from blood was prolonged and delivery to RES such as the liver was reduced. 
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Table 1 " Liposome level 

adtnini strahinn ( * } 

liposome preparation ~ wit h anionic 



in liver one hour after 



Example 1 
Example 15 
Example 18 
Example 19 



without anionic 
surfactant surfactant 
1 6 • 7 3 0.1 

16.9 44.7 



19.1 44.7 
15 -0 44.7 



0.05 ml of Triton X-100 was added and heated at S 70»c to h ™ 'iff h X ° 5 ° f the resu,tant supernatant 
determined by measurement of fluorescence o 6 C retels Jc ^° som ^ "' P ° SOme ' eVel in b,ood was 
and exsanguination was immersed in PBS contating ?0?S Triton ^1^ ^ ^ abdominal *»ctfon 
homogenized by a homogenizer (Polytron KinemaS IS £ . £ ™ *° ^ 1 °° ml - The tissue was 
all of the 6-CF had been released The homogenTte was suSi^ t ^~ ? ° °' f ° give a h °™9enate in which 
diluted 20-50 times, and filtrated through I? 45 m cro memb^fp f .? Ul r A aCen ! rifU 9 ation < 50000 9. 10 minutes), 
.n liver was determined by n^aMur^^S^Z^^J^ ■ the ,iposome level 

Experimental Example 1-4 

Heat release f com 10000 times dilutions with prq too/ n ^ * . ^ 
Examples 1. 2, *nd 6. and the respeT^ 

investigated by continuous measurement of the arnounT o? £ CF rl^l^ 9 ?° an '° niC surfactan 's was 
connected to a programmed temperature system to oHow^h* I . ° m "P° some a fluorometer 
(change from gel to liquid crystal) The initSon t£J2£T* ^ e trans,tlon of "Posomal membrane 
temperature determined fromihe heat iX^^^nT^V^"" 6 the phase transition 
was measured with a thermal analyzing lysUJ, (SHKO I The Phase transitio " temperature 

are closely related to each other ( ° & E " SSC 50000 2°c/min). Both temperatures 

Table 2 Phase transition temperature (°C) of liposomal 
membrane and heat release initiation tempera- 

ture (Qq of 6-CF from liposome 

liposome phase transition heat release 



composition . temoera t- n ro 

tempe rature i nitiation temperature 

Example 1 42.3 ~ ~ 36~l~~ : 

Example 6 43.7 39 " 3 

Example 10 , a? a 

42 - 8 36.3 

without surfactant 41.9 37 9 



Example 21 

entrapment ratio of 23.50 /o and the ^^S^^^l kFZ™ ° f ,he CDDP 

(N °^ml^r?n. S H:gg!g! ^ CDDP content in liDOS °™ 



' ml, was filtrated 
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through Centrisalt, and to 0.1 ml of the filtrate . 2 ml of 0.1 N NaOH solution containing 10% of 
diethyldithiocarbamate (DDTC) was added and kept at room temperature for 30 minutes; the resultant adduct 
was extracted with 5 ml of n-hexane and the extract was analyzed by HPLC (column; Zorbax CN, solution; 
n-hexane/isopropylalcohol •= 8/2; UV = 250 nm) to determine the total- CDDP amount in the liposome 
suspension. Separat ly the remaining solution of liposome in physiological saline, about 2.5 ml, was filtrated 5 
through Centrisalt and the amount of free CDDP remaining unentrapped in liposome was determined under 
the sam conditions as described above. 

Example 22 

A 500 u.g/ml solution of cisplation (CDDP) in physiological saline was used in place of the 6-CF solution used w 
in Example 2 and treated similarly as in Example 2, to give a liposome composition of the CDDP entrapment 
ratio of 21. 40/0. 

Example 23 

A 500 u.g/ml solution of cispfatin (CDDP) in physiological saline was used in place of the 6-CF solution used 15 
in Example 3 and treated similarly as in Example 3, to give a liposome composition of the CDDP entrapment 
ratio of 25.8%. 

Example 24 

A 500 u.g/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 20 
in Example 5 and treated similarly as in Example 5, to give a liposome composition of the CDDP entrapment 
ratio of 24.0%. 

Example 25 

A 500 u.g/ml solution of cisplation CDDP) in physiological saline was used in place of the 6-CF solution used 25 
in Example 6 and treated similarly as in Example 6, to give a liposome composition of the CDDP entrapment 
ratio of 21.8% and the phase transition temperature of 43.9°C. 

Example 26 

A 500 u.g/ml solution of cisplatin (CDDP) in physio logical saline was used in place of the 6-CF solution used 30 
in Example 7 and treated similarly as in Example 7, to give a liposome composition of the CDDP entrapment 
ratio of 21. 90/0. 

Example 27 

A 500 u.g/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 35 
in Example 8 and treated similarly as in Example 8, to give a liposome composition of the CDDP entrapment 
ratio of 24.90/0. , ■ . 

Example 28 

A 500 jig/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 40 
in Example 10 and treated similarly as in Example 10, to give a liposome composition of the CDDP entrapment 
ratio of 23.3%. 

Example 29 

A 500 jig/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 45 
in Example 1 1 and treated similarly as in Example 1 1 , to give a liposome composition of the CDDP entrapment 
ratio of 27.7% and the pahse transition temperature of 41.9°C. 

Example 30 

A 500 pig/ml Solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution 50 
obtained in Example 12 and treated similarly as in Example 12, to give a liposome composition of the CDDP 
entrapment ratio of 24.0%. 

Example 31 

A 500 u,g/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 55 
in Example 13 and treated similarly as in Example 13, to give a liposome composition of the CDDP entrapment 
ratio of 24.5% and the phase transition temperature of 42.5° C. 

Example 32 

A 500 u,g/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 60 
in Example 14 and treated similarly as in Example 14, to give a liposome composition of the CDDP entrapment 
ratio of 25.0<>/o. 
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Example 33 



A 500 ug/ml solution of cisplatin (CDDP) in physiological saline. was used in place of the 6-CF solution used 
Stto o7 P 4 ,e 8o/o. and treat6d Simi ' arly 35 " EXamP ' e 15 ' l ° 9iVe 3 ll *° so ™ composition of*?cS^£S 

Example 34 

ohtS - 9 i ml SOl , U,i ? c n °' ciSplatin < CDDp ) j " Physiological saline was used in place of the 6-CF solution 
^men, "r^r ^ ^ ** «" t0 ^ * ^some'composition ofLIS 

Example 35 

A 500 jig/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 
;a» E o X o7 P 5 2 o/I and tfeated SimHarly 35 EXamp ' e 17 ' l ° 9 fve a «PO«om. composition of the CDDP?ntrapment 

Example 36 

A 500 fig/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 
rJ^llo treat6d SimHarly 32 EXamP ' e 18 ' t0 9 ive 3 liposome composition of the cS D P intrapme"^ 

Example 37 

A 500 ug/ml solution of cisplatin (CDDP) in physiological saline was used in place of the 6-CF solution used 
"a4 X o74 9 ol and Ueated Simi ' arly 33 " EXamp ' e 19 ' t0 a competition of the Coll ^^ntrapmenl 

Example 38 

• c 500 -" 9 on' S °' Ution ° f cis P |atin (CDDP) in physiological saline was used in place of the 6-CF solution used 
Tj^T tfeated SimHarly 38 " EXamP ' e 2 °' t0 9ive 3 ,iposome composition of ?. OTD?S^" d , 

Experimental Example 2-1 

Liposome compositions containing no anionic surfactants were prepared as the resoective control 
compos.t,ons of the liposome preparations obtained in Examples 21 28 29 33 34 and 35 

Experimental Example 2-2 

FvImntT ' eVel in b '°° d „ Umi ' 6 hOUrS after intrav enous administration in rat of the liposome composition of 
Example 1 was compared w.th the CDDP level (Note 4) after intravenous administration of Te Sposome 

ST! fE X R am F P 16 15 m T' ^ the reSU " iS Sh ° Wn in F * A - M an * ,ime P° int ' the leve of CDDP waJ 
s.m.llar to that of 6-CF, suggest.ng that the CDDP liposome composition ( -•- ) may behave similarly to the 

29 lZZ° m > COmp ° S,t : on (--x--). Also the liposome compositions obtained in Exampfes 21 22^ 25 26 aS 
thaMhH 33 ' 9h 35 thOSS ° btained Witn the 6 - CF "P 030 ™ compositions. These resul s a so inldicate 

n h 5 e ''Posome compositions of this invention prepared by using a phospholipid containing saturated acv° 

p. miLt r an !° niC s " rfactant of Krafft P° int <* 37»C or more are characterized by the much pTofonged 
compos 0 r 0 ns me ' intravenOUS ^--istration, as compared with "he cS^.ipLsome 

(Note 4) Measurement of CDDP level in blood 

To T i°mi ^ n , l h° f heparini f ed b ' ood obtained from caudal vein, 2 ml of PBS was added to give a blood suspension 
£a. TmounT ^ CDDP in ST * ^T^ 9 ^ ° f the -^-ion, , ml of DDTC solution was added the 
dSsired aLove W " determined simi,arlv t0 the me,h ° d of measurement of CDDP amount 

Experimental Example -2-3 

(Note 5) Measurement of SMT conte nt 

riic 1 cl, m9 H 0f !T e . t ? 1 yl ! ne PIU6, 6 9 of concentrated sulfuric acid, and 25 g of anhydrous sodium sulfate were 

mf o° a dilute'; ll '° 5 °° m ' ° f 3 ' MCI,0n ,ert S ° ,U,i ° n - T ° 5 mt ° f this rd^S^SS^Z 

?LZZ. n^L?> some, composition (10000 times) and 5 ml of chloroform were added and allowed o 

XSESJS ^r S MT er s S o a " ,horou 9 hshakin 9- absorbance (653 nm) of the chloroform layer was measured 
ADsorbance of SMT solut.ons of various concentrations (less than 10 ppm) was measured to make a 
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calibration curve. A blank test was conducted "by using the SMT-free liposome composition in Experimental 
Example 2-1. " 

Example 39 ' ■- ' . 

A 308 >ig protein/ml aqueous solution of interleukin 2 (IL-2) (in 25 mM ammonium acetate solution pH 6) was 
used in place of th solution used in Example 1 1 and treated similarly as in Example 1 1 , to give a liposome 

composition of this invention. 

Example 40 

A 308 u,g protein/ml aqueous solution of IL-2 was used in place of the 6-CF solution used in Example 13 and 
treated similarly as in Example 13, to give a liposome composition of this invention. 

Example 41 

A 100 ng/ml aqueous solution of ansamitocin. was used in place of the 6-CF solution used in Example 1 1 and 
treated similarly as in Example 11, to give a liposome composition of this invention entrapping ansamitocin. 

Example 42 

A 100 iig/ml aqueous solution of ansamitocin was used in place of the 6-CF solution used in Example 13 and 
treated similarly as in Example 13, to give a liposome composition of this invention entrapping ansamitocin. 

Example 43 

A 5 mg/ml solution of methotrexate in physiological saline was used in place of the 6-CF solution used in 
Example 1 1 and treated similarly as in Example 1 1 , to give a liposome composition of this invention entrapping 
methotrexatae. * 

Example 44 ' 

A 5 mg/ml solution of methotrexate in physiological saline was used in place of the 6-CF solution used in 
Example 13 and treated similarly as in Example 13, to give a liposome composition of this invention entrappinq 
methotrexate. ^ a 

Example 45 

A 200 u.g/ml solution of mitomycin C in physiological saline was used in place of the 6-CF solution used in 
Example 1 1 and treated similarly as in Example 11 , to give a liposome composition of this invention entrappinq 
mitomycin C. kk y 

Example 46 

A 200 u.g/ml solution of mitomycin C in physiological saline was used in place of the 6-CF solution used in 
Example 13, and treated similarly as in Example 13, to give a liposome composition of this invention entrappinq 
mitomycin C. 

Example 47 

A 1 mg/ml solution of adriamycin in physiological saline was used in place of the 6-CF solution used in 
Example 1 1 and treated similarly as in Example 1 1 , to give a liposome composition of this invention entrapping 
adriamycin. ^ » 

Example 48 

A 1 mg/ml solution of adriamycin in physiological saline was used in place of the 6-CF solution used in 
Example 13 and treated similarly as in Example 1 1, to give a liposome composition of this invention entrappinq 
adriamycin. ^ y 

Example 49 

A3 mg/ml solution of bleomycin in physiological saline was used in place of the 6-CF solution used in 
bleomycin 1 ^ s,mi,arly as in Exam P'e 11 , to give a liposome composition of this invention entrapping 

Example 50 

A3 mg/ml solution of bleomycin in -physiological saline was used in place of the 6-CF solution used in 
beHmydn 13 ^ tr6ated simi,ar| y as in Example 13. to give a liposome composition of this invention entrapping 
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1. Liposome compositions entrapping a drug in liposome of which membrane is constituted by a 65 
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SE?S more 0 ' SaMe<i ^ groups and an anionic Octant of Krafft point of 
n^:S^Z^^^' Ph3Se -I"-™ o, ,he liposomal 

fo,?o^r^af£muS; 0rdin9 ^ surfactants are those represented by the 

R-Xm-(Yi orY 2 ) n -Z 

wherein, R is an alkyl group having 12 or more carbon atoms which may be substituted with a suifate 

X is -CONH-, ,-COO-, -CON- or — <^~\)_ ; 
15 ' CH 3 

Yi is -CH 2 CH 2 -, -CHCH 2 -, -CH 2 CH- or -CH 2 CH 2 CH 2 - ; 
20 CH 3 CH 3 

Y 2 is -OCH 2 CH 2 -, -OCHCH 2 -, -OCH 2 CH- or -OCH 2 CH 2 CH 2 - • 

I I 
CH 3 CH 3 

from n?Hir M k ° r ;w°V M + l (M is an alkali metal element); m is 0 (direct bond) or 1 ; and n is an inteaer 
from 0 (direct bond) to 2. provided that.when X is -CONH- or 'nieger 



-CON- , Y 2 is 0 (direct bond), and when X i; 
CH 3 



-/"^> . . n i, 



•s 0 (direct bond) 



acWme'thy'auHnef" aCC ° rdin9 te C ' aim Wheraln the Mc s ^ ac tants are salts of acyitaurines or 

.^« The f° m P osition ^cording to claim 1, wherein the drug is of which logarithm of the oartion 
45 - coefficient between octanol and water is 10 or less. u e P artlon 

6. The composition according to claim 1. wherein the drugs are antitumor agents Ivmohokines 
physiologically active peptides, antibiotics, vitamins, antiprotozoal agents, enzyme ^ anSatJantJ" 
agents ^ ' ,mmun ° aC,iva,in 9 aa - ents - ^ «* circulatory system orTeSbolisn J actating 

8. The composition according to claim 7, wherein the platinum compound is cisplatin 
whth mV°K mP0S K 0n ac ^ ordin 9 t0 claim e - wherein an antitumor agent is entrapped in the liposome of 
which membrane has a phase transition temperature of about 40 to 55° C liposome of 

aaueiuTm^.m fn 0dUCin9 ""J 50 " 1 ' com P osition entrapping a drug, which comprises (1) preparing an 
a ?mr°. t ■? ' 0n,C surfactant having. Krafft point of 37" C or more at the concent a ion above the 

orlnlT t C °? C ^ ntrat,on ' ( 2 ) mixl "9 the resulting aqueous medium with a phospholipid o "which acyl 
d Co * IZlTn Z? 3Cyl 9r ° U ,^ 10 Prepare 3 emu,Sion °^ a suspension, wherein an effective amount o7a 
Z^lr f- , Pr ° CeSS (1) and/or (2) ' af1d (3 > subjecting the resulting emulsion or suspensL to 

SSSSSd ° S ° me VeSiC ' eS S ° ^ ,iP ° SOmal membrane " consied b * -id suStant anS 

R yv T M^si;;o ac s c p° v! ng to c,aim 10, wherein nposome vesicies are prepared by a meth ° d °< 

S^^TfSf* a< L C ° rdin9 toclaim 10 - wherein a " a ™unt of the anionic surfactant is in the range of 
about 0.5 to 50 weight parts per 100 weight parts of the phospholipid. me range of 
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